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Overview of Activities
 North Atlantic Coast Comprehensive Study (S 2014)
 Charge from Coastal Engineering Research Board (F 2014)
 Demonstrations at Jamaica Bay, NY and Mobile AL (2014-15)
 Resilience Community of Practice (S 2015)
 Engineering with Nature 
► River training structures
► Multiple lines of defense
 Adaptive Management
► Monitoring decision indicators
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Working Definition
Prepare, resist, recover, and adapt
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Cycle of Resilience 
Actions found in most definitions
Resilience Timeline
Future resilience is increased:
-Less disruption
- Faster recovery
Proposed Tiered Assessment
Tier 1 – Community System-Scale
Assess overall coastal system resilience, 
community priorities and needs
Tier 2 – Coastal System Infrastructure 
Quantify coastal system capacity to resist 
damage and recover from specific coastal 
hazards for coastal infrastructure
Tier 3 –Bayesian Network Analysis  
Optimize engineering design/operation
Model response to future scenarios 
Planning (3x3x3)
DS Cross  Bay Br idge South
N one
Mino r
Mode rate
Se vere
99 .9
.0 31
.0 14
.0 11
Predicted Tide  (m)
-1.37 5 to -0 .87 5
-0.87 5 to -0 .37 5
-0.37 5 to 0 .12 5
0 .12 5 to 0.6 25
0 .62 5 to 1.3 75
4.7 0
28.1
34.5
27.9
4.8 0
-0 .11 9 ±  0.52
F CBB South
F
N F
 10 0
.01 8
DS Cros s Bay Br idge North
Non e
Min or
Mod erate
Seve re
 100
.006
.003
.003
DS MPKWY BRIDGE
Non e
Min or
Mod erate
Seve re
 10 0
.02 0
.00 7
.00 5
PLANNING_UNITS
BCH
BPT
CAN
FBF
FRY
HWB
JFK
MHB
MLI
MPK
RKY
SML
SPC
0.7 7
1.4 9
11.0
   0
19.1
2.4 6
0.3 7
8.0 2
3.0 6
5.3 3
8.4 0
11.4
28.7
F CBB Nor th
F
NF
 100
.004
F MPKWY BRIDGE
F
N F
 10 0
.00 9
BOUNDARY
No rth
Eas t
Sou th
We st
25.0
25.0
25.0
25.0
TT_INTERIMRES
0
1
.09 9
99.9
0 .99 9 ± 0 .03 1
UTIL_ INTERIMRES
0
1
12.4
87.6
0.8 76 ± 0 .3 3
BEACH_NOURISHMENT
De creas e
Sta tu s q uo
Increas e
33.3
33.3
33.3
WETLAND_EXTENT
Statu s q uo
Mode ra te
Exten sive
33 .3
33 .3
33 .3
TT_ ROBUSTNESS
0
1
.09 8
9 9.9
0 .99 9 ±  0 .03 1
TT_ROBOBJ
0 to 5
5 to 10
10 to 15
15 to 20
20 to 25
25 to 30
30 to 35
35 to 40
40 to 45
45 to 50
50 to 55
55 to 60
60 to 65
65 to 70
70 to 75
75 to 80
80 to 85
85 to 90
90 to 95
95 to 10 0
4 .93
1 7.0
1 4.3
3 3.5
2 0.9
4 .55
4 .77
.008
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
   0
16 .6 ± 7.3
TRAVELTIME
0  to 5
5  to 1 0
1 0 to 15
1 5 to 20
2 0 to 25
2 5 to 30
3 0 to 35
3 5 to 40
4 0 to 45
4 5 to 50
5 0 to 55
5 5 to 60
6 0 to 65
6 5 to 70
7 0 to 75
7 5 to 80
8 0 to 85
8 5 to 90
9 0 to 95
9 5 to 100
4 .96
1 7.0
1 4.3
3 3.6
2 0.9
4 .48
4 .76
 0 +
 0 +
 0 +
   0
 0 +
   0
   0
   0
   0
   0
   0
   0
 0 +
16.5 ± 7 .3
TT_ RAPOBJ
N one
> 3  mon th s
9 9.7
0 .2 7
TT_RAPIDITY
0
1
 0  +
 1 00
1  ± 0.0 031
R_ TT
None
> 3  mo nth s
 10 0
.01 5
WWTP
R ockaway
C one y Isla nd
Wa rd 2 6
Jam aica
41 .1
20 .1
29 .7
9.11
DS_ WWTP
No ne
Mino r
Mo dera te
Severe
98 .5
0.46
0.66
0.40
WWPUMPS
Se agi rt
Bro ad Ch
Ba ysw ate r
Pa erde gat
Ave nue  M
Warne rvil le
Howa rd B
Non e
2.60
0.58
0.80
11 .0
6.32
.057
2.46
76 .2
DS_WWPMP
N one
Severe
99 .2
0.76
DS_ SBSTN
N one
Mino r
Mode rate
Se vere
96 .0
1.78
1.56
0.69
ELEC_ SUBSTATIONS
Nep ons it
Rockaw ay Be ach
Arve rn e
King s Pla za
Far Rockawa y
Ced arhurs t
JFK Ai rport
Starrett City
2.30
15.0
4.32
21.5
18.6
0.90
0.85
36.5
SEVERITY
1
10
25
50
100
250
500
100 0
81.8
12.5
3.0 5
1.3 3
0.7 6
0.3 0
0.1 3
0.1 3
7 .01  ±  44
R_WWTP
0
0 to 1
1 to 7
7 to 30
30 to  90
90 to  36 5
9 9.5
0 .1 1
.04 9
0 .2 2
0 .1 2
.04 0
0.20 7 ±  5.4
R_ WWPMP
0
0 to 1
1 to 7
7 to 30
30  to  9 0
90  to  3 65
99.8
0.1 1
.03 8
 0 +
 0 +
 0 +
0.0 020 9 ±  0 .08 7
R_ SBSTN
0
0  to  1
1  to  7
7  to  30
3 0 to 9 0
9 0 to 3 65
99 .0
0.26
0.11
0.38
0.21
.0 69
0.358  ± 7
R_UTILITY
0
0 to 1
1 to 7
7 to 30
30  to  90
90  to  36 5
98.6
0.3 8
0.1 5
0.4 7
0.3 0
0.1 1
0 .52 2 ±  8.7
F_ WWPMP
F
NF
97.4
2.61
0.97 4 ±  0.16
F_SUBSTN
F
N F
97.7
2.2 6
0.977  ± 0.15
UTIL_RAPOBJ
No ne
< 1 Day
Da ys
We eks
Mo nth s
> 3 Months
81 .8
15 .5
2.10
0.30
0.13
0.13
0 .6 ± 9 .1
FLOOR6
Below
Above
90 .6
9.43
PUMP_GENERATOR
False
True
 100
   0
PCTRESDAM
0
0 to 0.1
0.1 to 0 .2
0.2 to 0 .3
0.3 to 0 .4
0.4 to 0 .5
0.5 to 1
97 .0
0.76
0.73
0.63
0.44
0.27
0.21
0.0 073 7 ±  0.053
UTIL_ ROBOBJ
0.7
0.75
0.8
0.85
0.9
0.95
0.98
0.99
 1 00
   0
   0
   0
   0
   0
   0
   0
0.7 ±  0
RES_ ROBUSTNESS
0
1
0.4 9
99.5
0.995  ± 0.07
RES_ROBOBJ
0
0.1
0.2
0.3
0.4
0.5
1
9 8.7
0 .76
0 .30
0 .13
0 .13
   0
   0
0 .00 23 ± 0.0 23
RES_PERF
0
1
1 .38
9 8.6
0.986  ±  0.12
RES_RAPIDITY
0
1
2.6 0
97.4
0 .97 4 ± 0 .16
RAP_RES
0
0  to 1
1  to 7
7  to 3 0
3 0 to 90
9 0 to 365
97 .0
0.38
0.90
0.72
0.51
0.52
1 .67  ± 18
RES_RAPOBJ
N one
< 1  Da y
D ays
Weeks
Months
> 3  Mo nth s
8 1.8
1 6.8
0 .7 6
0 .3 0
0 .1 3
0 .1 3
0 .55 4 ±  9.1
EVAC_ORDER
Non e
Zon e 1
Zon e 2
Zon e 3
Zon e 4
   0
   0
 100
   0
   0
COMPLIANCE_ RATE
0
0  to 0 .1
0 .1 to  0.2
0 .2 to  0.3
0 .3 to  0.4
0 .4 to  0.5
0 .5 to  0.6
0 .6 to  0.7
0 .7 to  0.8
0 .8 to  0.9
0 .9 to  1
   0
   0
   0
   0
   0
 10 0
   0
   0
   0
   0
   0
0.45 ± 0 .02 9
RES_INTERIMRES
0
1
2.7 0
97.3
0 .97 3 ±  0 .16
POP_ ROBUSTNESS
0
1
0.3 9
99.6
0.99 6 ±  0.062
POP_ROBOBJ
0  to  0.1
0 .1 to 0.2
0 .2 to 0.3
0 .3 to 0.4
0 .4 to 0.5
0 .5 to 0.6
0 .6 to 0.7
0 .7 to 0.8
0 .8 to 0.9
0 .9 to 1
1
0 .1 3
0 .1 3
0 .3 0
0 .7 6
   0
   0
   0
   0
   0
   0
9 8.7
0.9 9 ± 0 .08 4
FRACT_POP_ AT_RISK
0
0  to 0 .1
0 .1 to  0.2
0 .2 to  0.3
0 .3 to  0.4
0 .4 to  0.5
0 .5 to  0.6
0 .6 to  0.7
0 .7 to  0.8
0 .8 to  0.9
0 .9 to  1
83.8
14.0
1.2 2
0.6 2
0.2 0
0.1 1
.01 6
   0
   0
   0
   0
0.0 117  ± 0.0 39
POP_ INTERIMRES
0
1
0.39
99.6
0.9 96 ± 0.0 62
F_WATER
F
NF
90 .6
9.43
0 .9 06 ± 0 .29
F_WW
F
NF
96 .8
3.24
0 .96 8 ±  0.18
UTIL_ROBUSTNESS
0
1
12 .3
87 .7
0.877  ± 0.33
UTIL_PERF
0
1
12 .3
87 .7
0.877 ± 0.3 3
UTIL_RAPIDITY
0
1
0 .98
9 9.0
0.99 ± 0.0 99
RESILIENCE
0  to 0 .1
0 .1 to  0.2
0 .2 to  0.3
0 .3 to  0.4
0 .4 to  0.5
0 .5 to  0.6
0 .6 to  0.7
0 .7 to  0.8
0 .8 to  0.9
0 .9 to  1
14.0
   0
   0
   0
   0
   0
   0
   0
   0
86.0
0.824  ± 0.3 1
WEIGHTED_ RESILIENCE
0 to 0.1
0.1  to 0 .2
0.2  to 0 .3
0.3  to 0 .4
0.4  to 0 .5
0.5  to 0 .6
0.6  to 0 .7
0.7  to 0 .8
0.8  to 0 .9
0.9  to 1
.0 24
   0
0.22
   0
   0
1.07
   0
12 .7
   0
86 .0
0.9 19 ± 0.0 89
Engineering &         
Construction
Operations & 
Maintenance
Values / priorities / context
Infrastructure vulnerabilities
10/29/2015
4
Innovative solutions for a safer, better worldBUILDING STRONG®
Coastal Storm Resilience 
Case Studies
 Rockaway, New York
April 2014
 Mobile, Alabama
March 2015
• Post-Sandy documentation
• Influx of recovery funds
• Specific Metrics
• Tiers 1 and 3
• Katrina-size threat 
• Previous resilience work
• Expert / stakeholder scores
• Tiers 1 and 2
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Tier 1 Example
Low Existing Capacity
High Existing Capacity
8
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Tier 1 Example
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1. Building code improvements, enforcement
2. Replace bulkheads with natural revetment 
and living shorelines to mitigate erosion
3. Develop network of licensed contractors for 
businesses to access to rebuild
4. Reduce impervious surfaces in new upland 
developments
5. Continuing education on ecosystem 
services, fragility and human impact on 
health
6. Continuing education on public safety
1
1
2
2
3
4
5
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Tier 2 Example
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Tier 3 Example
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Observations and Lessons Learned
 The Public – values v. solutions, identify 
stakeholders
 Recovery data – economic, environmental, 
community
 Utilities – challenges of conversation and data 
access
 Expert development of scenarios
 Network Science – redundancy v. path switching
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Ways to Collaborate with Us
 Internship program
 Cooperative Agreements
 Assistance to States
Thank You
Catherine.Fox-Lent@usace.army.mil
Innovative solutions for a safer, better worldBUILDING STRONG®
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